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In the early forties a compound, alloxan, was found to have a specific 
effect upon the Islets of Langexhans» the experimental evidence has re¬ 
vealed that the effects of alloxan are pathological in nature. The patho¬ 
logical effects of alloxan on the Islets of Langerhans have been studied 
in several animals. These studies include those byt Johnson (*50) on the 
guinea pig} Beach, Bradshaw and Blatherwick (*5l) on the rat, and Goldner 
and Gomori (*44) on the dog. Scott, Harris and Chen (M5) studied these 
effects on the islet cells of fowls. The results of the investigations on 
mammals differed from those observed in fowls. 
In view of this difference, the present investigation was undertaken 
in order to study the effects of alloxan on the alpha and beta cells of the 
pancreas of young chicks. 
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CHAPTER II 
REVIEW OF LITERATURE 
The most outstanding experiment that has been done on the effects of 
alloxan on the bird pancreas was performed by Scotty Harris and Chen ('45)* 
The investigators used a total of three homed owls» 4 bam owls* 9 white 
Perkin ducks, 18 roosters and 35 pigeons. The ducks, roosters and pigeons 
were fed on regular stock diets. The homed and bam owls were fed live 
mice and allowed to become accustomed to their cages two weeks before the 
tests were begun. 
Starting with a dose of 100 mg. of alloxan per kg. of body weight, the 
investigators injected that amount into the brachial vein under the right 
wings of two of the homed owls. The third homed owl was given a dose of 
150 mg. of alloxan per kg. of body weight by the same method. Tests were 
made to determine the effects of alloxan on the blood sugar levels of the 
homed owls. The tests revealed elevations of the blood sugar levels of 10 
to 30 mg. % per si. of blood in the three homed owls over a period of 24 
hrs. The same dosage was repeated in 48 hrs. and the blood sugar levels fell 
in two of the owls. A higher rise of 15 mg. % per ml. of blood was observed 
in the third owl. Tests revealed no change after that in the blood sugar 
levels of the homed owls. On the 8th. day the dose was increased to 150 mg. 
of alloxan per kg. of body weight for the two owls which had received 100 mg. 
of alloxan per kg. of body weight. The third owl was given 200 mg. of alloxan 
per kg. of body weight and it died after a few hours. Death occurred to one 
of the homed owls which had received 150 mg. of alloxan per kg. of body 
weight. The remaining owl received three injections of 150, 200 and 250 mg. 
of alloxan per kg. of body weight for 16 days. The last dose proved fatal 
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within one hour. Microscopic examinations were performed to determine the 
effects the different amounts of alloxan had on the pancreas and other or¬ 
gans of each of the homed owls. The examinations revealed a normal pan¬ 
creas in each of the homed owls and no lesions were noted in other organs. 
The 4 bam owls were given an initial dose of 100 mg. of alloxan per kg. 
of body weight into the brachial vein. The dosage was then increased to 200 
mg. of alloxan per kg. of body weight. Tests for changes in the blood sugar 
level indicated little changes in three of the bam owls. There was an ele¬ 
vation in the blood sugar level of 14 to 38 mg. % per ml. of blood in the 4th 
owl. After this preliminary rise, the blood sugar level returned to normal. 
The dosage was increased to 200 mg. of alloxan per kg. of body weight. The 
owls received from two to 4 injections each and lived from three to 23 days 
following the initial injection. Histological examinations of the pancreas 
and kidneys of the owl which lived 23 days were made. The examinations re¬ 
vealed slight hydrops of the pancreatic islands and necrosis of the renal 
tubules. The organs of the owl which died after three days revealed the 
same histological picture, except that the islets of the pancreas were normal. 
Post-mortem changes prevented satisfactory examinations of the remaining two 
owls. 
An initial dose of 100 mg. of alloxan per kg. of body weight caused death 
in pigeons in 30 hrs. when injected into the right brachial vein beneath 
their wings. Changes in the blood sugar levels were determined by tests and 
it was found that the amount of alloxan injected caused an elevation of the 
blood sugar level to approximately 300 mg. % per ml. of blood. Vhen the dosage 
was decreased to 75 mg. of alloxan per kg. of body weight the pigeons lived, 
and after repeated injections of that amount and higher ones the pigeons did 
not develop diabetes mellitus. The investigators concluded that the pigeons 
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developed a tolerance to the effects of alloxan when it was injected as was 
indicated. Microscopic examinations were made on the pancreases of each of 
the pigeons used in the experiment. The examinations revealed normal pan¬ 
creatic tissue in some and in others hydropic degeneration was found occa¬ 
sionally in the beta cells. 
Doses of 100 to 150 mg. of alloxan per kg. of body weight were injected 
into the 9 ducks by the same method and into the same site as the alloxan 
was administered in the homed owls. Six ducks survived repeated injections 
of the dotes for a period of 19 to 40 days. Autopsies were performed on 6 
ducks and histological sections were made of their pancreases. Examinations 
made of the sections revealed hydrops of the beta cells in 5 of the ducks. 
Post-mortem changes prevented satisfactory examination of the pancreas of the 
6th duck. 
Single doses of alloxan ranging from 75 to 400 mg. of alloxan per kg. of 
body wei^vt were given to the 18 roosters. Tests to determine the effects 
of alloxan on the blood sugar level were performed and they revealed no change 
in the blood sugar level beyond the normal variations. Microscopic examina¬ 
tions were made on the pancreases of 6 of the roosters. Deposits of a white 
granular nature were noted on serosal surfaces of three of them that died 
two days after the injections. In two roosters, death occurred within the 
first hour after the injections were made. There were no signs of the white 
substance on the serosal surfaces of either of these two birds. The investi¬ 
gators observed either no pathological or minimum changes in the beta cells 
in relation to the amounts of alloxan injected. 
Goldner and Gomori ('44) performed two experiments in which they used 
three dogs in an attempt to determine whether the early phase of hyper¬ 
glycemia caused by alloxan could be prevented by insulin treatment. One dog 
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received an initial dose of 6 units of protamine zinc insulin before 50 mg* 
of alloxan per kg. of body weight were injected intravenously. During the 
following 4 days, 8 units of protamine zinc insulin were given by the same 
method. Tests on changes in the urine sugar level revealed that the urine 
was sugar free, except on the second day when three grams were excreted. 
Tests on changes in the blood sugar level revealed that it remained within 
the normal range. They found that as soon as insulin treatment was discon¬ 
tinued a marked hyperglycemia and glycosuria developed. Biopsy of the pan¬ 
creas was performed and histological sections were made. Observations re¬ 
vealed that islet cell degeneration had occurred. 
They used two dogs in their second experiment and injected than with 0.2 
gras* of phlorizin subcutaneously for 10 days. Blood sugar and urine sugar 
level tests were performed. As a result of these tests it was found that 
the blood sugar level remained at the normal range, while there was a marked 
glycosuria. This revealed that phlorizin did not effect the pancreatic cells 
but another structure within the organisms. Or the third day 50 rag. of al¬ 
loxan per kg. of body weight were Injected intravenously into each dog and 
both dogs developed a marked hyperglycemia. Biopsies were made on each pan¬ 
creas of the two dogs and histological sections were made, observations of 
the sections revealed that islet cell degeneration had occurred. 
Ridout and Ham ( ’44 ) performed experiments with dogs and rats to deter¬ 
mine the effects of alloxan on the pancreases of these animals. They injected 
4 female rats of the Wlstar strain, which weighed about 210 gms. each, with an 
aqueous solution of 350 rag. of alloxan per kg. of body weight. The injections 
were made within one hour at 15 rain, intervals. Histological studies revealed 
that after 90 mins, the islet cells of the pancreas bordering the capillaries 
were degenerating. Within three hours the change was more pronounced; after 
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7 hrs. there was a general degeneration of islet structures and many of the 
cells were necrotic. However, at the end of 48 hrs. the islet structures 
seemed greatly restored. They used 5 dogs which were injected with 150 mg. 
of alloxan per kg. of body weight. One of the dogs was injected with the 
full dose at one time. The other 4 were given the dose in 4 injections at 
15 min. intervals. Histological studies of the pancreases were made and 
they revealed that the capillary spaces were widened and that the islet cells 
were not arranged normally. Four hours after the injections pycnotic nuclei 
were rather frequent. Eight hours after the injections the islets cells were 
necrotic and the nuclei failed to stain blue with hematoxylin. Twenty-four 
hours after the injections the Islets were shrunken and difficult to detect. 
Their internal structures were disorganized and dead cells were within them. 
The histological picture of the pancreas of the dog which received the full 
dose in one injection revealed, after 36 hrs., that the islets were fewer 
and smaller than normal. 
Johnson (*50) demonstrated the effects of alloxan on 6 guinea pigs which 
weighed from 422 to 1050 gms. Each was given intravenous injections of 150 
to 200 mg. of alloxan per kg. of body welc^t and sacrificed 6, 12, 18, and 
77 hrs. later. Small pieces of the pancreases of each of the animals were 
placed in Bouin's, sectioned at 4 and stained with chrome-hematoxylin and 
phloxin. Histological examinations revealed necrosis of the beta cells in 
about 24 hrs. By the end of the second day nearly all of the necrotic beta 
cells were gone. There were a few pycnotic nuclei and a few greyish blue 
staining cytoplasmic remnants. The islets were other-wise filled with alpha 
and beta cells and appeared quite normal at a glance. From the results ob¬ 
tained, Johnson postulated that there was a rapid replacement of the beta 
cells in each animal treated with alloxan. She postulated that the 
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replacement was due to at least three factorsi (1) transformation of acini 
or parts of acinous structures into islets cells; (2) proliferation of the 
epitheliun of the small ducts to form new small ducts, and (3) transformation 
of peri-insula-acini by a process of redifferentiation into islet cells* 
House (*58) demonstrated the effects of alloxan on 182 hamsters, 91 males 
and 91 females* The animals were injected with 30 to 200 mg. of alloxan per 
kg. of body weight into the orbital venous sinus* At the time of sacrifice 
samples of the pancreases were removed under nembutal anesthesia* The tis¬ 
sues were fixed in Bouin's fluid. All tissues were dehydrated and cleared 
through ethylene glycol and benzene, embedded in tissue mat and sectioned at 
7 uu The sections were stained with Gomori's aldehyde and fuchsin method. 
Histological studies were made of the sections and as a result of these 
studies House was able to demonstrate 5 stages of diabetes in the hamsters, 
which were as follows * the resistant group; the transient group^; the tran¬ 
sient group2î the intermittent group, and the persistent group* Within the 
resistant group there were no alterations of the beta cells* The animals in 
transient groups recovered from the diabetic state within two weeks and the 
beta cells were normal* The animals in the transient group2 recovered from 
the diabetic state within the third and 4th. weeks and there was evidence 
that some of the acinar tissue had started to transform into islet tissue* 
In the intermittent group there were large areas of cavitation whieh indi¬ 
cated that there was an active degeneration of the islets* The condition of 
the pancreas in the persistent group varied with the physiological state of 
the animals at the time of death* 
Some investigators have indicated that alloxan has sex specific effects* 
Beach, Bradshaw and Blatherwick (*51) demonstrated with 72 male and 72 female 
albino rats the effect of alloxan in relation to sex. The animals were given 
8 
a dose of 20 sag. of alloxan per kg. of body weight subcutaneously. Blood 
sugar level determinations were made and the investigators found that the 
hyperglycemia developed more rapidly in the females than in the males* 
Similarly, hypoglycemia developed more rapidly and was store severe in the fe¬ 
males than in the rales. They found that aeetonuria developed in the females 
whereas it seldom developed in the males. 
To determine whether the sex difference was due to the female and male 
gonads, Beach, Bradshaw and Blatherwick (’52) demonstrated with 48 male and 
48 female rats of the Wistar strain the effects of alloxan on gonadectomized 
rats. Prepubertal castration was carried out on 24 animals of each sex which 
were from 30 to 45 days of age. Postpubertal castration was carried out on 
24 animals which were from 110 to 125 days of age. The rats were fasted for 
96 hrs., after which 20 mg. of alloxan per kg. of body weight were injected 
subcutaneously. Tests for blood sugar level determinations revealed that 
there were no variations from that in the intact rat. 
CHAPTER III 
MATERIALS AND METHODS 
Twenty chicks of the variety white leghorn were used in the experiment* 
The chicks were obtained from the Georgia State Hatchery, Atlanta, Georgia* 
All of the chicks were maintained on a diet of My-T-Pure starting and grow¬ 
ing mash which was prepared by the Atlanta Milling Co., Atlanta, Georgia* 
The chicks were from 10 to 30 days of age and weighed from 75 to 350 gms* 
The drug employed, alloxan, was made up for use as a three percent solu¬ 
tion in a 0*9$ sterile solution of sodium chloride* The controls were in¬ 
jected with the latter and the experimentale with the forcer* All injections 
were made intramuscularly into the right thighs of the experimentale and the 
controls* 
The chicks were divided into two groups of 10, each of which was composed 
of 5 controls and 5 expérimentais* The chicks in Group I were fed for one 
hour immediately after which they were started on a fasting period which 
lasted 24 hrs* At the end of the fasting period, the expérimentais were in¬ 
jected with 500 mg. of alloxan per kg. of body weight* The controls were in¬ 
jected with 500 mg. of 0.9# sodium chloride per kg. of body weight. The 
chicks were allowed to eat their usual diet ad libitum for a period of 20 mins* 
after the injections were made* The chicks were sacrificed at the following 
periods of times one hour, three hours, 4 hrs., 6 hrs* and 18 hrs. Group II 
consisted of the same number of chicks and they were treated in the same man¬ 
ner as those in Group I except that they were injected with 1,000 mg* of al¬ 
loxan per kg* of body weight which were administered in two injections of 500 
mg* of alloxan per kg. of body weight. The injections were made in 5 chicks 
at two intervals* The Intervals between the first and second injections were 
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60 rains., two and one-half hours, three and one-half hours, 6 hrs. and 12 
hrs. respectively. The chicks in the control group were injected with 1,000 
mg. of 0.9# sodium chloride per kg. of body weight in two injections of 900 
mg. of 0.9$ sodium chloride per kg. of body weight. The time intervals for 
the controls were the same as the intervals for the expérimentais. The 
chicks were allowed to eat their usual diet §£ libitum for a period of 30 
mins, after each injection. The chicks were sacrificed at the following time 
periods * two hours, 5 hrs., 7 hrs., 12 hrs. and 24 hrs. 
The pancreas of each chick used in the experiment was dissected out and 
prepared for histological study. The sections were stained with Mallory's 




These results will be presented in three parts which aret the control 
chicks in Groins I and II, the expérimentais in Group I and the expéri¬ 
mentais in Group II* 
Controls in Groups I and II.—The controls received injections of 0*9# 
sodium chloride as indicated in the materials and methods* External obser¬ 
vations of them revealed no changes in their noimal activity* Histological 
sections prepared of their pancreases revealed normal Islets of Langerhans 
(fig* 1). 
Expérimentais in Group I .--The expérimentais in this group received in¬ 
jections of alloxan as indicated in the materials and methods* The birds 
which received their injections over one, three, and 4 hr* periods were 
droopy, did not move about and failed to eat and drink* These birds ap¬ 
peared to recover within two to three hours after the onset of the changes 
in their normal activity. The remaining two chicks of this group did not 
seem to be affected* 
Histological sections of the pancreases did not reveal any changes in 
the alpha and beta cells* 
Experimentale in Group II*—The experimentale in this group received in¬ 
jections of alloxan as Indicated in the materials and methods. The chicks 
which received their injections over two and 5 hr* periods were i droopy; 
failed to move about; did not maintain their equilibrium when moved by the 
investigator, and did not eat or drink. These chicks appeared to regain 
their normal activity two to 4 hrs. after the onset of the above changes* 
Two other chicks in this group which had received the full complement of 
11 
12 
Injections died 6 and 8 hrs. after the last administration of alloxan. 
These chicks underwent the changes described above in their normal activity. 
There were no observable changes in the activities of one chick in this 
group. 
Histological sections of the pancreases of 4 of the chicks in this 
group did not reveal any alterations in the islet cells. This is evidenced 
by a photomicrograph made of an islet of the chick which received its in¬ 
jections within a 24 hr. period (fig. 2). The sections of the three remain¬ 
ing pancreases of the chicks revealed the same condition as that of figure 
two. However, sections taken from the pancreas of the chick which died after 
6 hrs. revealed that there was some degeneration of the beta cells (fig. 3). 
CHAPTER V 
DISCUSSION 
The cellular mechanism of the action of alloxan is unknown at the 
present time* Presumably the compound combines with an essential substance 
within the pancreatic beta cells and thus destroy them. This phenomenon 
has been seen in the rat, dog, hamster, guinea pig, duck and pigeon as dis¬ 
cussed in the review of literature. The degree to vriiich it affects the 
islets of the guinea pig, duck and pigeon does not correspond to that ob¬ 
tained with rats and dogs. Griffiths ('51) postulated that alloxan may in¬ 
hibit S-H-activated enzyme systems within the beta cells. 
Lacy and Hartroft ('59) postulated that the variations seen in the 
structure of the beta cells indicate that either the endogenous insulin, or 
the intimately associated binding protein within the granule complex, of 
each animal, may be distinct and characteristic of it. Hie structure of 
the beta cells in the chick islets, which are distinctly crystalline and com¬ 
posed of sheaves and needles, could be the factor responsible for the re¬ 
sults obtained in this investigation. 
Norton, Elgart and Miriky (*42) considered that the diet may be a factor 
involved in the production of diabetes in the fowl. 
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CHAPTER VI 
SUMMARY AND CONCLUSIONS 
1* Under the conditions of these experiments» alloxan» with the exception 
of one case» did not affect the alpha and beta cells of the Islets of 
Lanoeihans in young chicks. 
2, Examination of the histological sections prepared from that one chick 
revealed the possibility of degeneration as evidenced by the presence 
of a non-staining area within an islet. 
3. It is the general conception that several factors may operate to in¬ 
hibit the effects of alloxan in fowls. Three of them are believed to 
be the diet of chicks» the presence of sulfhydryl compounds and the 
structure of the beta granule. 
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PUTE I 
(Explanation of Figures)* 
♦All figures are photomicrographs. 
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(Explanation of Figures) 
An islet showing the normal alpha and beta cells (lOOOx). 
An islet of an experimental chick which reveals no change from 
that seen in the noxmal islet (lOOOx). 
An islet of an experimental chick which reveals a degree of 
damage as is evidenced by the presence of a non-staining area 
within the islet and a decrease in the number of beta cells 
(lOOOx). 
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